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METHOD OF REDUCING HIGH CYCLE FATIGUE OF 
TURBQCPARGERS 

The present invention relates to the reduction of higfc cycle fatigue of a 
turbocharger fitted to an internal combustion engine. In particular the invention 
reduces the high cycle fatigue of the turbocharger turbine wheel blades. 

Turbochargers are well known devices for supplying air to the intake of an 
internal combustion engine at pressures above atmospheric (boost pressures). A 
conventional turbocharger essentially comprises an exhaust gas driven turbine wheel 
mounted on a rotatable shaft within a turbine housing. Rotation of the turbine wheel 
rotates a compressor wheel mounted on the other end of the shaft within a compressor 
housing. The compressor wheel delivers compressed air to the intake manifold of the 
engrae, thereby increasing engine power. 

Turbine wheel failure through fatigue is often a limiting factor on the 
durability of a turbocharger. There are various different causes of turbine blade 
fatigue. One such cause is harmonic vibration of the turbine wheel blades which can 
occur if the turbine is run at a constant speed, particularly at full load/maximum speed 
conditions. This is known as high cycle fatigue. To a lesser extent the turbocharger 
compressor wheel blades may also experience high cycle fatigue. The significance of 
high cycle fatigue to the lifetime of a turbine wheel will to some extent be dependent 
on the duty cycle of the engine to which the turbocharger is fitted. High cycle fatigue 
is particularly relevant to turbochargers used in industrial applications where a 
turbocharger engine can be run at a constant maximum speed for extended periods of 
time. 

It is an object of the present invention to provide a method of reducing the 
high cycle fatigue of turbine wheels. 

According to the present invention there is provided a method of reducing 
high cycle fatigue of a turbocharger fitted to an internal combustion engine in which 
fuel supply to the engine is controlled by an electronic engine management unit 
(ECU) in accordance with a fuel map of fuel values required to meet different engine 
operating conditions, the method comprising: 
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varying the fuel value F associated with a particular engine operating 
condition to thereby prevent the turbocharger running at the same constant speed each 
time said particular engine operating condition arises. 

For instance the fuel supply may be varied by modifying a fuel value F 
determined from the engine map as appropriate to meet a particular engine operating 
condition, by the application of a varying perturbation signal to the fuel value F. Only 
a relatively small change to the fuel supply is necessary to vary the turbocharger 
speed sufficiently to avoid high cycle fatigue being concentrated on any particular 
turbine (or indeed compressor) blade. 

The present invention also provides a fuel supply control system for a 
turbocharged internal combustion engine, the control system comprising means for 
varying the fuel value supplied to meet a particular engine operating condition to 
thereby prevent the engine and turbocharger from running at the same constant speed 
each time said particular engine operating condition arises. 

Further advantageous features of the present invention will become apparent 
from the following description. 

Embodiments of the present invention will now be described by way of 
example only, with reference to the accompanying drawings, in which: 

Figure 1 illustrates an example of an internal combustion engine fuel map; 
Figure 2 is a schematic illustration of a control system for reducing high cycle 
fatigue in accordance with the present invention; and 

Figure 3 is a schematic illustration of an alternative control system for 
reducing high cycle fatigue in accordance with the present invention. 

The operation of modem internal combustion engines is typically controlled 
by an electronic engine management unit, often referred to as the ECU (electronic 
control unit). The ECU receives data from various sensors relating to all aspects of 
engine performance, and operational demands, and controls operation of the engine 
accordingly. If the engine is fitted with a turbocharger the ECU may additionally 
receive signals indicative of the operating conditions of the turbocharger and may also 
apply some direct control ova: operation of the turbocharger. 

The conventional ECU includes a processor which governs engine 
performance on the basis of a series of data "look-up tables" or "maps" of empirically 
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derived datapoints from which particular operating requirements can be determined 
from various measured parameters. One such map is the fuel map, an example of 
which is illustrated in Figure 1. The fuel map relates fuel requirement (or 
consumption) to the engine speed and torque demand. Various different fliel values 
are mapped for different engine speed/torque demand conditions as indicated by the 
values A x , B XJ Cx ... etc. For engine speed/engine torque requirements not expressly 
mapped, appropriate fuelling values can be derived by interpolation from the mapped 
values. 

Such electronic control of the engine fuelling provides very precise control 
over the engine speed, and thus turbochargcr turbine speed. The present invention 
recognises that such precise control exacerbates the problem of high cycle fatigue. 
That is, if engine operating conditions require constant speed the engine ECU will 
operate to provide that constant speed with a very high degree of accuracy. Similarly, 
if the duty cycle of the engine requires the engine to be frequently run at a particular 
target speed, for instance maximum speed and load, the ECU will operate to ensure 
that the target speed reached is the same on each occasion. 

The basic principle of the present invention is to introduce a perturbation into 
the operation of a turbocharged engine to deliberately vary the running speed of the 
turbochaTger, (at least under running conditions expected to give rise to significant 
high cycle fatigue), in such a way as to reduce the effect of high cycle fatigue on 
individual blades. The invention achieves this through perturbation of the engine 
fuelling. 

A first embodiment of the present invention is schematically illustrated by 
figure 2, Signals indicative of the engine speed and load (torque) requirements are 
input to the engine ECU 1. From an engine fuel map 2 pre-programmed into the 
ECU, the ECU determines the required fuelling F to meet the operating requirement 
and sends an appropriate fuelling signal to fuel supply system 3. In accordance with 
the invention a time varying perturbation signal E is provided to the fuel supply 
system 3 to vary the fuelling so that the fuel supply to the engine is F-E (here E may 
be a positive or negative value and may change from positive to negative). The 
perturbation signal may be a randomly varying signal or maybe a regular periodic 
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signal such as a sinusoidal or square wave signal or the like. A frequency of between 
about 0.1 seconds and 10 seconds would typically be appropriate. 

The perturbation signal E therefore prevents the engine from running at a 
constant speed for any significant period of time. The resonant frequency of any 
individual turbocharger turbine blade will have a high Q value, so that only a slight 
deviation in rotational speed (equivalent to of the order of several Herte) is required to 
move away from the resonate frequency of any particular blade. Accordingly, only 
very small changes in the engine speed, and thus turbocharger speed, arc necessary to 
ensure that any particular blade does not significantly resonate. It should be borne in 
mind that different blades will have different resonate frequencies and thus at any 
given time there may be one or more blades resonating, but the vibration and thus 
fatigue, of any particular blade will be greatly reduced. 

It is highly desirable to ensure that the perturbation does not compromise 
engine performance. In practice, a perturbation of not more than 3% of the normal 
specified fuelling F will not perceptibly interfere with engine performance but will 
provide sufficient variation in the turobcharger speed to greatly reduce the high cycle 
fatigue, given the high Q value of the resonant frequency of individual turbine blades. 

Whereas in the illustration of figure 2, and as described above, the 
perturbation signal is provide to the fuel system, it will be appreciated that the ECU 
may be programmed to introduce the necessary perturbation into the fuelling value 
supplied to the fuel system. Similarly, it will be appreciated that a separate fuel 
control device could be introduced in the fuel line to the engine to vary the engine 
fuelling in accordance with the perturbation signal (such as a variable restriction in 
the fuel line). 

An alternative approach to perturbing the fuel supply is schematically 
illustrated in figure 3. Here, rather than continuously varying the fuelling value F, a 
random perturbation E (within pre-determined limits) is introduced to the target 
fuelling value F determined by the engine map as appropriate for any particular 
engine operating condition. Thus, each time the same engine operating condition is 
encountered the engine will run at a slightly different speed/load point as a result of 
the perturbation. Although in any given cycle the engine turbochargc speed will be 
constant if there is no change to operating requirements, the variation in turbocharger 
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speed between different cycles will be sufficient to greatly reduce the high cycle 
fatigue in the turbine blades. 

It will be appreciated that as with the first described embodiment of the 
invention, the perturbation need not be introduced directly to the fuel supply system, 
but could be incorporated into the ECU programming. For instance, the fuelling 
values determined from the engine fuel map may be adjusted by the perturbation E 
each time that fuel value is called upon. There will also be appreciated that the 
perturbation E need not be random but could follow a pre-programmed cycle. 

It will further be appreciated that the above two embodiments of the invention 
could be combined in a single application. That is, the target fuel value F could be 
varied by a first perturbation Ei each time that fuelling value is called from the fuel 
map to produce a modified fuel value F m . The fuel value F m may then be further 
modified by application of a varying perturbation signal E 2 in accordance with the 
first described embodiment of the invention so that the actual fuel value supplied to 
the engine is F m -E 2 (where E is again a value which may be a positive or negative, or 
a value which varies between positive and negative). 

As a further modification of the present invention, the perturbation need not 
necessarily be applied under alJ engine operating conditions, but may be limited to 
conditions under which high cycle fatigue is anticipated to be a particular problem. 
For instance, it is possible to identify regions of the fuel map which may correspond 
with constant speed/constant load running or other operating conditions under which 
turbine blade resonance may be expected to occur. The ECU or other dedicated 
controller could then be programmed to implement the invention only in such regions 
of the fuel map. 

Other possible modifications of the invention will be readily apparent to the 
appropriately skilled person. 
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